Abstract
Introduction
According the World Health Organization, two to three million people are diagnosed with some form of malignant skin tumor each year, with 41,000 patients dying each year from melanoma. Worldwide, the number of new cases of skin cancer is growing at the rate of between three and seven per cent a year (Siegel. Miller & Jemal , 2015) . Numerous people suffer from many form of skin disorders (www.skincancer.com). Most investigated is the enzyme, tyrosinase (EC number 1.14.18.1), which is thought to play a main role in skin disorders (Saran et al., 2004) . Tyrosinase is present in many plants, fungi, and mammalian cells. Tyrosinase extracted from the champignon mushroom, Agaricus bisporus (J.E.Lange) Imbach (1946) , is homologous with that of the mammalian. Almost all studies of tyrosinase inhibition have used mushroom tyrosinase, because this enzyme is commercially available. Tyrosinase was named because of the activity of the amino acid, tyrosine, which is found in nearly all animal cells and is very important in melanin synthesis (Uchidaa, Ishikawa, & Tomoda, 2014) . Human tyrosinase is a single membrane-spanning transmembrane protein, and when tyrosine forms the substrate, it forms dopaquinone, an intermediate in the production of the pigment, melanin. Dopaquinone spontaneously forms an orange-red pigment called dopachrome, which undergoes a final reaction to form the blackish brown pigment, melanin. acid, vanillin, and vanillic alcohol (Chen, Lin, Yang, Bordon, & Wang, 2015) . The best known of the above-mentioned inhibitors is kojic acid, which is used as a positive standard in experimental measurements. Today, kojic acid is mainly used in cosmetic formulations (Balakrishna, Payili, Yennam, Uma Devi, & Behera, 2015) . Kojic acid shows a competitive inhibitory effect on monophenolase activity and a mixed inhibitory effect on the diphenolase activity of the mushroom tyrosinase. Skin irritation is the most common kojic acid side-effect, although cell mutation in mammals was also detected from results of 165 studies of kojic acid toxicity presented by the nonprofit Environmental Working Group (Burnett et al. 2010) . However, kojic acid is not expected to be a human carcinogen. Some studies of animals have shown that high amounts of kojic acid can cause liver, kidney, reproductive, cardiovascular, gastrointestinal, and respiratory side-effects and hence, detection of a less dangerous inhibitor has been the aim of several studies in the last five years and this type of research still continues (Chang, 2012) .
The interest in boron compounds has grown in the last 20 years. Boronic acids are a class of boron compounds that first appeared in the literature in the 1860 (Yang, Gao, & Wang, 2003) . These compounds are interesting to study because of their stability, low toxicity, and potential for producing hydrogen and covalent bonds at the active site of the enzyme; this means they can be used as inhibitors of enzymes. Boronic acid forms several derivatives that remain relatively unexplored. Boroxines are one of these, which involves 6-membered heterocyclic compounds with a unique electronic configuration (Hall, 2005) . Preliminary tests using halogen boroxine (dipotassium trioxohydroxytetrafluorotriborate, K2[B3O3F4OH]; Ryssi & Slutskaya, 1951) revealed that it displays anticancer effects (Ivankovic et al., 2015) . This compound can react with the Lewis bases and, as the
, is potentially a selective inhibitor of enzymes. It has the ability to bind to active sites of enzymes and thus prevent the reaction of catalyzation. For now, a small number of publications about this compound suggests that, possibly, a halogenated derivative of this compound can be used for the prevention and treatment of benign and malignant lesions in the epidermis of the skin (skin cancer). Furthermore, halogen boroxine displayed properties that demonstrated its potential in future conventional, medical, dermatological, or cosmetic formulations. The compound is highly soluble in water and thus, could facilitate the production of pharmaceutical formations. This solubility contributes to its high bioavailability with effective absorption at the site of administration to the skin. Haverić, Haveric, Bajrovic, Galic, and Maksimovic (2001) , at the Institute for Genetic Engineering and Biotechnology in Sarajevo, examined the anti-proliferation, cytotoxic, and genotoxic potential of the halogen derivatives in toxicological studies, and these indicated the halogen derivative has no damaging effect on human health or mammals.
Preliminary results from in-vitro and in-vivo antitumor activity on cell lines, 4T1 adenocarcinoma, B16F10 melanoma, and squamous cell carcinoma SCCVII, at the Institute Ruđer Bošković in Zagreb Studies in enzyme inhibition of catalase (EC number 1.11.1.6) have shown that the enzyme follows Michaelis-Menten kinetics in the absence and presence of inhibitors (Islamovic , Galic & Milos., 2014) . Recent studies focused on the possibility of inhibition of carbonic anhydrases (EC number 4.2.1.1) isoforms, which are associated with tumorigenesis and metastasis of some tumors. It was assumed that the mechanism of action of K2 [B3O3F4OH] is associated in its binding with the zinc ion in the active site of the enzyme. Inhibitory activity of halogen boroxine n carbon anhydrases, in other species (bacteria and fungi), suggests that this compound could also have anti-microbial and antiinfectious properties (Vullo, Milos, Galic, Scozzafava, & Supuran, 2015) .
As the halogenated boroxine derivative has shown effects on human molecules and mechanisms of carbon anhydrases inhibition through chelation of zinc atoms (similar to that of Kojic acid on copper in the active site of tyrosinase; Ghani & Ullah, 2010.) , it is reasonable to hypothesize that a halogen derivative thereof may have an inhibitory action on the enzyme, tyrosinase. That theory encourages the notion that enzyme tyrosinase is also found in skin tumor cells in a ¨bewildering¨ state that should be inhibited. With this information one could easily assume that boroxine would have inhibitory effects on this same enzyme.
Materials and Methods
Enzyme kinetics provide methods for quantification of the parameters of enzyme activity. Data obtained from enzyme kinetics provided KM values (substrate concentration at which the reaction velocity is half-maximal) and Vmax values (maximal velocity of a reaction, which occurs at the saturation of an enzyme). The Michaelis-Menten's constant is a measure of affinity of an enzyme for its substrate. Each enzyme-substrate reaction provides a unique KM.
Tyrosinase activity can be measured by monitoring the appearance of the dopachrome pigment at a wavelength of 475 nm. The absorbance allows spectrophotometric analysis of tyrosinase activity by determining the rate of dopachrome formation from the substrate, L-DOPA. Tyrosinase exhibits typical Michaelis-Menten kinetics. The potential inhibitor was examined in the presence of tyrosine and L-DOPA, as the enzyme substrate, and activity was assessed in terms of dopachrome formation.
All measurements were made in the laboratory of Organic Chemistry and Biochemistry at the Faculty of Chemical Technology, at the University of Split, using a spectrophotometer Specord 200plus (Edition 2010).
The source of enzyme used was the tyrosinase from Agaricus bisporus (T3824 SIGMA, Tyrosinase from mushroom, lyophilized powder, ≥ 1000 unit/mg solid). We prepared a solution of tyrosinase, wherein every 1 ml of the solution had 104.17 units of enzyme solution. This solution was kept on ice throughout the experiment. Also, a sample solution boroxine was prepared using K2 [B3O3F4OH] of 0.198 mM (1 mg/mL), 0.596 mM (3 mg/mL), and 0.994 mM (5 mg/mL) aliquots; and substrate solution of L-DOPA of 0.198 mM (1 mg/mL), 0.596 mM (3 mg/mL), and 0.994 mM (5 mg/mL) in phosphate buffer of pH 6.5. Two "blind" probes were used to monitoring the course of the reaction without enzymes. Before the addition of inhibitor of various concentrations, a series of measurements of kinetics of non-inhibited chemical reaction between L-DOPA and the enzyme tyrosinase were performed to facilitate a comparison between potentially inhibited and noninhibited conditions.
The reaction was initiated with 0.4 mL of tyrosinase and 0.05 mL of boroxine, placed in a vial to react for five minutes. The total volume of solution in the cuvette was 1 ml. The substrate L-DOPA and a buffer were then added, and the changes in absorbance at a wavelength of 475 nm measured. Measurements were adjusted to the three-minute duration.
From our data, we calculated and graphed rates of reaction as ∆A/∆min to establish initial velocity. Absorbance, divided by time (min), was converted to volume (μmol), divided by time (/min), using Beer's law and the extinction coefficient for dopachrome (3600 m −1 cm −1 ), as follows:
Results and Discussion
The results of the Lineweaver-Burk, Eadie Hofstee, Hanes-Woolf, and Dixon's plots show that K2
[B3O3F4OH] exhibited little inhibition of tyrosinase. From the equations and sequences on the X and Y axes, the kinetic parameters (Vmax and KM) were represented in all used plots. However, the Dixon results were somewhat different from other results and in this case were disregarded because they were unsuitable for determination of graphical presentation and calculation of kinetic parameters. Thus, the Dixon's plot is not displayed. 
